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Introduction
The literature dealing with the case incidence of pulmonary
complications occurring after operation reveals a wide range in
the reported data. For example, Cutler and Scott' collected 41,368
operative cases, from the records of eight dinics, with an inci-
dence of 1.12 per cent of postoperative pneumonia. Many other
reported series approximate this percentage. On the other hand,
in 1930, Fuller,2 after a personal observation of early and late
pulmonary complications in 1,478 consecutive operative cases,
reported 22.6 per cent in upper abdominal operations and 10.9
per cent in lower abdominal procedures. In 1933, King3 published
the most complete survey to date based upon personal observa-
tion in a large series of operations with even higher morbidity per-
centages. He pointed out the fallacy of data determined only by
the review of case records or hospital diagnosis files, and inferred
that observations should be made postoperatively, at the bedside,
by an interested observer working continuously throughout the
period of study. Thus fluctuations in diagnostic standards were
minimized and errors of omission more nearly eliminated.
Additional surveys such as King's are indicated because of the
marked discrepancies in morbidity figures previously mentioned.
It is especially important to gain groups of control data fromn var-
ious clinics if the prophylactic and therapeutic effects of various
agents, such as carbon dioxide, are to be adequately evaluated.
In this report we have followed King's definition and criteria
of postoperative pulmonary disease, the data being confined to
those cases of bronchopneumonia, lobar and lobular atelectasis,
and post-atelectatic pneumonitis which develop during the first
few postoperative days. Pulmonary embolism and empyema are
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excluded unless following in the course of the above; exacerbations
of pre-existing pulmonary disease, such as tuberculosis, are not
considered.
Methods
The cases studied were a consecutive series of 1,215 major surgical ward
cases operated upon at the New Haven Hospital by members of the full-
time teaching and resident house staff between July 1, 1934, and July 1,
1936; not included were neurosurgical, urological, orthopedic, gynecological,
or otolaryngological cases, since their postoperative care was not under the
immediate supervision of the general surgical staff. During nine and eight
months, respectively, of the two twelve-month periods, the author was in
daily attendance on the wards. During the remaining months contact was
made by slightly less frequent visits, with the interim cooperation of the
resident staff, the members of which were cognizant of the study in progress.
All patients subjected to laparotomy or hernia repair were treated post-
operatively for a period of 48 to 72 hours with carbon dioxide-oxygen inhala-
tions at intervals of four hours. In most cases where cooperation was pos-
sible, chemical hyperventilation was augmented by the use of blow bottles,
the patient making voluntary expiration against a resistance of 15 to 20
centimeters of water until hyperpnea supervened.
The diagnosis of pulmonary complications was established by clinical signs
and physical examination; frequently, but not always, roentgen examinations
were made to verify the clinical findings.
The late complications of pulmonary embolism and of pleurisy and
empyema, relatively few in number and probably etiologically different, were
separately enumerated (Table I).
TABLE I
TYPES OF COMPLICATIONS CLASSIFIED (ALL OPERATIONS)
July 1, 1934- July 1, 1935-
June 30, 1935 June 30, 1936 Both years
Atelectasis Bronchopneumonia .... 50 41 91
Pulmonary Embolism .................... 5 7 12
Pleurisy-Empyema ...................... 0 3
Totals. 58 48 106
The anesthetics employed included local procaine, ether, Avertin, ethy-
lene, nitrous oxide, and cyclopropane alone or in various combinations.
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Because of the multiplicity of anesthetic combinations (the indications for
which need not be considered here) and the relatively small number of cases
with certain types, no attempt was made to correlate statistically the type
of anesthetic agent with the number of pulmonary complications observed
following its exhibition.
Results
Ninety-one patients in the consecutive series of 1,215 major
general surgical operations suffered pulmonary complications of
the types under consideration, an incidence of 7.5 per cent.
In the 718 abdominal operations (induding hernia repair)
there were 78 complications, an incidence of 10.9 per cent; in
the 497 extra-abdominal operations, 13 complications or 2.6 per cent.
The monthly incidence for all operations was quite variable
(1.4 to 15.8 per cent) with no demonstrable seasonal trend in
either year (Table II).
TABLE II
INCIDENCE OF POSTOPERATIVE PULMONARY COMPLICATIONS BY MONTHS
,- 1934-1935 1 1935-1936
Major Number of Major Number of
Month operations complications % operations complications %o
July ....... 50 3 6.0 55 8 14.5
August ..... 51. ; 6 11.8 52 5 9.6
September . 38 6 15.8 64 3 4.7
October ... 56 6 10.7 70 1 1.4
November 48 1 2.1 42 1 2.4
December 48 1 2.1 34 3 8.9
January .... 49 7 14.3 55 5 9.1
February ... 37 4 10.9 51 3 5.9
March ....... 51 1 2.0 55 3 5.5
April 55 5 9.1 52 1 1.9
May ....... 50 3 6.0 54 5 9.3
June .. 51 7 13.7 47 3 6.4
Summary .... 584 50 8.6 631 41 6.5
The sex incidence was studied in the 718 abdominal cases. Of
the 441 males, 61 or 13.8 per cent had demonstrable pulmonary
lesions after operation; of the 277 females, 17 or 6.1 per cent.
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An analysis of the incidence of complications relative to the
site of abdominal operations showed clearly that the incidence was
less in operations on the lower abdomen (hernia repair and appen-
dectomy) than in operations on the biliary tract and intestines,
and greatest in operations on the stomach and duodenum (cf.
Tablb III).
TABLE III
SUMMARY OF POSTOPERATIVE PULMONARY COMPLICATIONS
CLASSIFIED ACCORDING TO SITE OF OPERATION
Number Pulmonary
Operative Site of operations complications 50
Laparotomy-Hernia Group
Stomach and Duodenum .................. 48 10 20.8
Biliary Tract ............................ 87 13 14.9
Large and Small Intestines ................ 95 14 14.7
Appendix ................. ........... 225 22 9.8
Hernias-All Types ........................ 168 14 8.3
Exploratory Laparotomy .................. 66 4 6.1
Miscellaneous ............................ 29 1 3.4
Totals ............................ 718 78 10.9
Extra-Abdominal Operations................ 497 13 2.6
Totals (All Major Operations) ............ 1215 91 7.5
In the group of 91 complications, a fatality ensued in 28 or
30.8 per cent. In only 18 of these fatal cases, however, could
the death be ascribed clinically to the pulmonary complication,
either as a primary or directly contributing factor. Thus, the mor-
tality in the whole series of 1,215 operations attributable to pul-
monary complications of the type under discussion was 1.5 per
cent.
There were five deaths caused by pulmonary embolism, all
verified by post-mortem examination.
Discussion
The general incidence of pulmonary complications reported here
(7.5 per cent) approximates reasonably the findings of King (6
per cent) as does the incidence in the laparotomy group (10.9 per
cent as compared with 14.3 and 11.3 per cent).
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The sex incidence, showing a predominance of approximately
2.5 to 1 for the male, is in agreement with most reported data.
The finding of some authors that the highest seasonal inci-
dence occurs in the winter months (of a given year) may well be
fortuitous, since in both our series and King's there were wide
fluctuations from month to month.
No conclusions have been drawn regarding the inddence of
pulmonary complications with various types of anesthesia for rea-
sons mentioned above. It is interesting, however, that in the group
of hernia repair operations where the anesthesia was almost invari-
ably local procaine infiltration, the incidence was 8.3 per cent, nearly
as great as in the appendectomies (9.8 per cent) in which anesthesia
was chiefly induced by some type of gas or ether.
Since a control series of cases in which carbon dioxide inhalations
were withheld have not been studied, we can draw no conclusions
as to the efficacy of the carbon dioxide method of prophylaxis for
pulmonary complications, merely pointing out that the significantly
high incidences reported here suggest a need for further study and
therapeutic improvement in this field.
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